Normative data stratified by three levels of age (16-59, 60-79, and 80-95 years) and three levels of education (0-8, 9-12, and 13-21 years) Phonemic and semantic verbal fluency, as measured by an individual's ability to generate words beginning with a specific letter (e.g., FAS and CFL) and semantic category (e.g., animals), have played a prominent role in neuropsychological research. Verbal fluency has been demonstrated to be sensitive to lesions in the frontal lobe, temporal lobe, and caudate nucleus (Benton,
METHOD

Participants and Materials
The normative sample consisted of 1,300 individuals who participated in two different experiments. The first experiment investigated the effects of aging on the acquisition and retention of visual and verbal information with 895 community-dwelling volunteers (Hubley, 1995; McIntyre, 1996) . Participants were recruited through booths at shopping centers, social organizations, places of employment, psychology classes, and by wordof-mouth. They did not receive any financial remuneration for participating. A selfreported history of medical and psychiatric problems, including a list of all currently prescribed medications, was obtained from each participant. Any person with a known history of neurological disease, psychiatric illness, head injury, or stroke was excluded.
All participants were living independently in the community, and ranged in age from 16 to 85 years ( M ϭ 52.3, SD ϭ 18.1). The average education level varied from 4 to 21 years ( M ϭ 12.9, SD ϭ 2.6). The male to female ratio was 397 to 498. All persons scored higher than 23 on the Mini-Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1975) and lower than 12 on the Geriatric Depression Scale (GDS; Brink et al., 1982) . English was the first language for all individuals. Scores from the Vocabulary subtest of the Wechsler Adult Intelligence Test-Revised (WAIS-R; Wechsler, 1981) were available for a subset of 364 participants.
The remaining 405 participants represent a subset of individuals drawn from the Canadian Study of Health and Aging (CSHA) (Canadian Study of Health and Aging Working Group, 1994) . All participants received a consensus diagnosis of "no cognitive impairment" regardless of 3MS scores ( n ϭ 283 for 3MS Ͼ 77; n ϭ 122 for 3MS Ͻ 78) by physicians and clinical neuropsychologists on the basis of history, clinical and neurological examination, and an extensive battery of neuropsychological tests (see Tuokko, Kristjannson, & Miller, 1995; Tuokko & Woodward, 1996 for additional details about neuropsychological protocol and results). Ages ranged from 65 to 95 years ( M ϭ 79.2, SD ϭ 6.5). Number of years of education varied from 0 to 21 years ( M ϭ 10.5, SD ϭ 3.8). The male to female ratio was 162 to 243. All persons stated that English was their first language.
Procedure
The total number of words generated in 1 minute for the letters F, A, and S (phonemic fluency) was obtained from all 1,300 participants. The number of words generated for each individual letter was available only from the 895 participants from the first experiment. The instructions were identical to those used by Spreen and Benton (1977) and described in detail by Spreen and Strauss (1991) . Participants were instructed that proper nouns and multiple words using the same stem with a different suffix (e.g., friend, friends, friendly) were not acceptable. The ages for the FAS sample ranged from 16 to 95 years ( M ϭ 60.7, SD ϭ 19.9). Years of education ranged from 0 to 21 ( M ϭ 12.1, SD ϭ 3.2). The male to female ratio was 559 to 741.
The number of animal names generated in 1 minute (semantic fluency) was obtained from a subset of 735 individuals (331 from the first study and 404 from the second study). Instructions followed those of Rosen (1980) and required individuals to say "the names of as many animals that they could think of" in a 1-minute period. The ages for the Animal Naming sample ranged from 16 to 95 years ( M ϭ 67.0, SD ϭ 19.8). Years of education ranged from 0 to 21 ( M ϭ 11.4, SD ϭ 3.4). The male to female ratio was 310 to 425.
RESULTS
Phonemic Fluency (FAS)
For descriptive purposes, years of education was divided into four groups, and ages were divided into nine age ranges. Table 1 shows the mean number of words generated for each of these two variables as well as for gender. Inspection of Table 1 shows that FAS scores tended to increase with increasing education, with the least amount of change occurring between the last two categories (13-16 years and 17-21 years). FAS scores decreased with advancing age with the least amount of change occurring from ages 16 to 59 years. Females generated slightly more words than males. Simultaneous regression analyses further explored the effects of these three variables. Education accounted for 18.6% of the variance, while age accounted for only 11.0% Gender was not significant and therefore did not enter the equation. Comparable values were obtained from a subset of individuals who were administered both verbal fluency tests. Education accounted for 21.7% and age accounted for 11.8%. Vocabulary scores (WAIS-R) correlated r ϭ .25 ( p Ͻ .001) with overall FAS scores.
On the basis of these analyses and visual inspection of the data, it was decided to stratify the norms on the basis of age (16-59, 60-79, and 80-95 years) and years of education (0-8, 9-12, and 13-21). Normative data for total FAS scores are provided in Table 2 . Table 2 shows that within each age level FAS scores increase with increased education. When education is used as the major variable of interest, FAS scores decrease within any given educational category as age increased. An analysis of variance (ANOVA) appropriate for a 3 (education) ϫ 3 (age) factorial design showed that both age and education were statistically significant with a small but statistically significant interaction, Age: F (2, 1291) ϭ 50.6, p Ͻ .001; Education: F (2, 1291) ϭ 87.2, p Ͻ .001; Age ϫ Education: F (4, 1291) ϭ 2.6, p Ͻ .05. Note. M ϭ mean; SD ϭ standard deviation.
Two measures of reliability were obtained. The first measure assessed the degree of internal consistency that existed among the three letters. A coefficient alpha (Cronbach alpha) was computed using the total number of words generated for each letter as individual items (Letter F: M ϭ 14.4, SD ϭ 4.5; Letter A: M ϭ 11.9, SD ϭ 4.4; Letter S: M ϭ 15.0, SD ϭ 4.7). The coefficient alpha of r ϭ .83 was sufficiently high to insure high item homogeneity even though t-tests showed the number of words was significantly different (a ϭ .001) among the three letters (F vs. A: t(1,893) The second measure of reliability was obtained from 38 older participants who had taken the FAS on two occasions separated by 5.6 years (SD ϭ .76). The mean ages at the first and second administration were 65.6 years (SD ϭ 9.7) and 71.2 years (SD ϭ 9.9), respectively. The small decrease in scores that occurred for the second administration (38.7 vs. 36.3) was not statistically significant (t ϭ 1.97, p Ͼ .05). A correlational analysis showed the test-retest reliability was within acceptable limits (r ϭ .74, p Ͻ .001). Table 3 shows the number of animal names generated in 1 minute for each of four levels of education, nine age ranges, and gender. Inspection of the table shows that the number of animals named increased as years of education increased. The greatest increase occurred between 0 to 8 and 9 to 12 years, and between 9 to 12 and 13 to 16 years. The opposite trend occurred for age, where the number of animals named remains relatively constant until age 60, when it began to decrease with advancing age. Males generated more animals names than females. When the effects of age, education, and gender on animal naming were analyzed by regression analayses, age accounted for 23.4% of variance, education for 13.6%, and gender for less than 1%. It should be noted that all Table 4 presents normative data stratified using the same three levels of education and age as employed previously with FAS scores. As with FAS, number of animals named within a specific age level progressively increased with increasing amounts of education, and scores within any given educational level progressively decreased with increasing age. An ANOVA appropriate for a 3 (education) ϫ 3 (age) factorial design showed that both age and education were statistically significant, Age: F(2, 726) ϭ 88.1, p Ͻ .001; Education: F(2, 726) ϭ 28.1, p Ͻ .001; Age ϫ Education: F(4, 726) ϭ .65, p Ͼ .05).
Semantic Fluency (Animal Naming)
Finally, a correlational analysis showed that number of animals named correlated r ϭ .52 (p Ͻ .01) with FAS scores. Correlations of the number of animals named with individual letters were as follows: Letter F ϭ .31, Letter A ϭ .36, and Letter S ϭ .39.
DISCUSSION
The results from the present study provide norms for two verbal fluency tests that have enjoyed widespread experimental and clinical usage but have not been adequately normed. Previous norms for FAS and animal naming have used a restricted age or educational range (Bolla et al., 1990; Geiser & Vanderploeg, 1993; Read, 1987; Selnes et al., 1991; Spreen & Benton, 1977; Yeudall et al., 1986) . By recruiting individuals having a wide range of ages (16-95 years) and years of education (0-21), the present set of norms represent a substantial improvement over those previously available.
Evidence from a variety of sources shows that verbal fluency measures are sensitive to the effect of years of education and age, but are relatively insensitive to gender (Bolla et al., 1990; Borod, Goodglass, & Kaplan, 1980; Geiser & Vanderploeg, 1993; Hamsher & Benton, 1978; Ivnik et al., 1996; Ruff et al., 1996; Sarno, Bounaguro, & Levita, 1985) . The present study confirms and extends these findings by showing that measures of phonemic and semantic verbal fluency are differentially sensitive to age and education. Regression analyses performed on scores from individuals who had completed both verbal fluency tests demonstrated that for FAS education accounted for more variance than 90  26  30  20  22  25  18  19  24  75  23  25  17  19  22  16  17  20  50  20  23  14  17  19  13  14  16  25  17  18  12  14  16  11  12  14  10  15  16  11  12  13  9  11 Note. M ϭ mean; SD ϭ standard deviation.
age (education ϭ 21.7% vs. age ϭ 11.8%) while for Animal Naming the opposite relationship existed (education ϭ 13.6% vs. age ϭ 23.4%). In both analyses, gender was found to account for less than 1% of the variance. Consequently, the current set of norms were stratified over age (16-59, 60-79, and 80-95 years) and years of education (0-8, 9-12, and 13-21) and percentile equivalents were determined.
The results from our sample may differ from other normative data based exclusively on the CSHA sample, but contained only participants with 3MS scores greater than 77 (e.g., Tuokko & Woodward, 1996) . We felt that using only the final consensus diagnosis would produce a more representative sample than combining it with a criterion 3MS score. This decision was based on two factors. First, the final consensus diagnosis was based on an extensive series of clinical, neurologic, and neuropsychologic tests. Consequently, we felt that using scores from a brief mental status examination was unwarranted and unnecessary. Second, results from prior research (Tombaugh, McDowell, Kristjansson, & Hubley, 1996) demonstrated that scores on the 3MS are sensitive to the effects of age and education, and using a 3MS criterion score might restrict the representativeness of our sample. Subsequent data analyses on the CSHA sample confirmed this suspicion. Participants scoring below a 3MS score of 78 were significantly (F 1,403), p Ͻ .01) older (81.8 vs. 79.8 years), had fewer years of education (8.7 vs. 11.9) and scored lower on FAS (23.8 vs. 33.4) and Animal Naming (11.5 vs. 12.9).
The major clinical utility of these norms is that they will increase the ability of neuropsychologists to determine more precisely the degree to which verbal fluency is impaired in patients of varying ages and educational level. Moreover, the provision of norms for both phonemic and semantic fluency offers the additional advantage of allowing the neuropsychologist to determine if one type of verbal fluency is affected more than the other. Such a determination has been shown to be useful in making differential diagnoses. For example, Steenhuis and Ostbye (1995) reported that phonemic fluency had greater clinical utility in identifying cognitive loss in nondemented individuals and the generation of animal names contributed more to the diagnosis of dementia. Consistent with this are reports that semantic fluency declines more in Alzheimer's patients than does letter fluency (Crossley, D'Arcy, & Rawson, 1997; Kozora & Cullum, 1995) , and the inclusion of an animal naming test significantly increases the sensitivity of the MMSE to identify Alzheimer's disease (Tombaugh et al., 1996) . Finally, Zec (1993) , in his review of the literature on Alzheimer's disease (AD), concluded that semantic fluency "may be considerably more useful than phonemic word fluency in the differential diagnosis of patients with AD at all stages of dementia from normal elderly persons" (p. 43).
Two major factors should be kept in mind when using the current norms. First, the norms are applicable only when the letters F, A, and S or the category of animals are used. A large degree of variety exists among the number of names generated to different letters of the alphabet. For example, in the present study, significant differences were found in number of words generated with the letters F, A, and S. This is consistent with Thorndike-Lorge's frequency count (Thorndike & Lorge, 1944) ; with the data contained in the original report by Borkowski et al. (1967) ; and with results from other research using cognitively intact and cognitively impaired persons (Hart, Smith, & Swash, 1988; Yeudall et al., 1986) . Similarly, different types of semantic categories yield different number of exemplars (Hart, Smith, & Swash, 1988; Hodges et al., 1992; Monsch et al., 1992) . The lack of comparability in number of exemplars between different types of fluency tasks provides ample evidence that the present norms should be used exclusively with the letters F, A, and S and the semantic category of animals. Ruff et al. (1996) , in their normative article on Benton's Controlled Oral Word Association Test, expressed a similar caution that "despite the fact that the FAS and COWA (e.g., CFL or PRW) are two versions of the same procedures, the raw scores on the two versions are not comparable" (p. 337).
Second, the current norms are only applicable when the person is fluent in English. The current norms should not be used when the exemplars to the same letters or animals category were generated in a different language. This is clearly illustrated by Steenhuis and Ostbye (1995) , who reported a significant difference in verbal fluency between French and English for FAS (English ϭ 22.7, French ϭ 15.01) and Animal Naming (English ϭ 12.3, French ϭ 10.9) in an older population that contained individuals diagnosed as demented, cognitively impaired, and cognitively intact.
